Background and Purpose-Most quality improvement methods implicitly assume that facilities with high complication rates are likely to have substandard processes of care, a stable characteristic that, in the absence of intervention, will persist over time. We assessed the extent to which this holds true for carotid endarterectomy. Methods-Using data from the Department of Veterans Affairs National Surgical Quality Improvement Project, we classified facilities on the basis of 30-day complications of carotid endarterectomy (stroke, myocardial infarction, death) during 1994 to 1995 (period 1, nϭ3389) and then compared these groups of facilities for complication rates during 1996 to 1997 (period 2, nϭ4453). Results-Despite wide variation in facility-specific complication rates, the correlation between rates in periods 1 and 2 was low (Spearman correlation coefficient, 0.04; Pϭ0.01) Facility-specific rates did not show greater correlation when we examined only facilities with higher volumes patients in different clinical categories (asymptomatic, transient ischemic attack, stroke). Comorbid illness profiles were similar between the 2 time periods. Conclusions-Most of the facility-specific differences in complication rates in period 1 were not maintained into period 2. Many apparent quality improvement problems may not be as large as they first appear, especially when based on few complications per facility. The inability, in practice, to estimate complication rates at a high degree of precision is a fundamental difficulty for clinical policy making regarding procedures with complication rates such as carotid endarterectomy.
F
or patients with high-grade carotid stenosis, the most important factor in the decision of whether to perform carotid endarterectomy (CEA) is the rate of major surgical complications. 1 This risk depends on patient factors, surgeon factors, hospital-and other system-of-care-related factors, and unexplained factors, the last category often predominating.
Recognizing that sufficiently low complication rates are central to the ultimate effectiveness of CEA, a typical hospital-level quality improvement (QI) initiative might choose to compare surgeons and/or to compare the hospital as a whole against an external benchmark. Because most surgeons perform relatively few procedures, the assessment is usually made at the level of the hospital. Depending on available data, the comparison of the hospital-wide complication rate to the external benchmark might first be made on raw (unadjusted) rates and then followed up through the use of risk-adjusted rates that take case-mix into account. Because most variation in complication rates is unexplained, the impact of risk adjustment is often small; in this case, adjusted and unadjusted analyses will yield similar conclusions.
When the perspective of a healthcare system is taken, the usual procedure is to calculate complication rates for each facility and then to base decisions concerning QI on these observed rates. Indeed, Luft and colleagues 2 championed this line of investigation in their landmark article documenting the association between surgical volume and operative mortality. One variant on this procedure is to focus on only the "best" (ie, those with the lowest complication rates) and the "worst" (ie, those with the highest complication rates) hospitals. Teams of experts might be sent to both sets of facilities under the assumption that when process of care at the "best" facilities differs from those at the "worst," changes should be made at the latter based on the former. Another variation is to intervene at all facilities at which the rates are above a certain cut point, which is often based on a published practice guideline or other evidence.
Critical to the above thinking is the assumption that facilities with high complication rates are likely to have a substandard process of care and that this substandard process of care is a stable characteristic that, in the absence of intervention, will persist over time. On the other hand, if observed differences in complication rates are based mostly on statistical variation (ie, "random noise"), then the complication rates in subsequent time periods will tend to regress to the group mean, thus reducing and perhaps even eliminating the need for intervention. 3 Indeed, in this case, the presumed benefits of intervention will be overstated, and classification of facilities as "having a potential quality problem" is, at best, a needless distraction.
With the above in mind, we analyzed data from a prospective cohort of patients undergoing CEA within Department of Veterans Affairs (VA) medical centers and asked this question: To what degree do hospitals with high rates of CEA complications during 1 time period also have high rates of complications in a subsequent time period?
Methods

Data Source
This is a secondary analysis of data compiled by the VA National Surgical Quality Improvement Program (NSQIP) regarding patients who underwent CEA. Briefly, the NSQIP is an ongoing, prospective, observational study of outcomes of major surgery performed at 132 VA medical centers. This report focuses on CEA only. For all operations, including CEA, a standard data set was generated. In particular, trained nurse-reviewers collected preoperative data (eg, preoperative assessment, sociodemographic characteristics, clinical characteristics) both directly and through the VA's computer system. Interoperative data (eg, CPT-4 codes, operative times, blood transfusions) were collected through the computer system and then verified by the operating surgeon. The reviewer entered the International Classification of Disease-9-CM code for the postoperative diagnosis, and followed up the patient for 30 days postoperatively. Hospital-based follow-up included daily rounding, attending conferences, and interviewing surgical house staff and the nurseepidemiologist regarding possible nosocomial infections and other complications. The reviewer called the patient 30 days after the procedure and interviewed the patient or family member if the patient was unable to communicate, as appropriate.
The NSQIP follows various surgical procedures, and its data collection protocol is not specific to CEA. In particular, the standard data set does not contain some variables that would have been helpful in predicting outcome of CEA, eg, carotid stenosis and information concerning the timing of any prior stroke. Also, there was no requirement for a comprehensive examination by a neurologist either before or after the surgery, implying that those strokespresumably minor-that would have become known only after such an examination may have been missed.
Additional details pertaining to NSQIP design and methodology are reported elsewhere. 4 -9 We included data from 1994 to 1997 and limited the analysis to facilities performing procedures throughout this period. If a patient underwent Ͼ1 CEA during this time, we selected the first.
Outcome
The primary outcome was major complications of CEA within 30 days after surgery, defined to include any or all of stroke, myocardial infarction, and death (regardless of cause). Because complication rates were relatively low, we did not analyze any of the above components of the overall complication rate separately. As secondary outcomes, we also report the presence of any complication (most commonly pneumonia, prolonged intubation, reintubation in the postoperative period, urinary tract infection, and cardiac arrest), as well as procedure-related return to the operating room.
Statistical Analysis
The research question asked whether facilities with high complication rates during 1 period also had higher complication rates in a subsequent period. Accordingly, we divided the data set by year, with period 1 consisting of 1994 to 1995 and period 2 consisting of 1996 to 1997. We then formed a data array with 1 record per facility, having for each period the number of patients at risk, the number of patients with complications, and the observed complication rate. The primary predictor variable was observed complication rate during period 1; the primary outcome variable was observed complication rate during period 2.
The main analysis grouped the facilities according to complication rate during period 1 and then used a 2 test to compare the complication rates in period 2. The period 1 groupings were selected as 0%, Ͼ0% to 3% (denoted as 0% to 3%), Ͼ3% to 5% (denoted as 3% to 5%), Ͼ5% to 7% (denoted as 5% to 7%), and Ͼ7%; these groupings correspond to various clinically relevant cut points given in the literature (eg, 3%, 5%, and 7%) and allow comparison of facilities with very low rates (0%) with those with very high rates (Ͼ7%).
Statistical comparisons were made with a 1-df Mantel-Haenszel 2 test (comparing the complication rates in period 2, accounting for the ordinality of the period 1-based facility groupings) and a Spearman correlation coefficient (quantifying the magnitude of this association). As a technical point, it should be noted that our primary interest was in the absolute magnitude of the differences between the groups in period 2, not necessarily in the probability value that compares these rates. In particular, this probability value tests the null hypothesis that there is no difference whatsoever in outcome rates (ie, that all the variation in period 2 is due the effects of "noise" at time 1). Our interest was not in the question of whether none of the variation in complication rates during period 2 is predictable from the rates in period 1 (this being assessed by the above probability value) but how much of the variation in period 2 is predictable (this being assessed by the analyses described above).
Results
The number of unique patient records available for analysis was 7842: 3389 during 1994 to 1995 and 4453 during 1996 to 1997. Table 1 presents characteristics of the patients. Most were older white men. Patients with previous history of stroke, previous history of transient ischemic attack, and no recorded history of cerebrovascular symptoms were all well represented. Table 1 also presents aggregate data on CEA complications. Considering the primary outcome of stroke, myocardial infarction, or death, the complication rate decreased from 3.9% during 1994 to 1995 to 3.3% during 1996 to 1997. Secondary complications decreased by Ϸ50%. Table 2 groups facilities according to complication rate in period 1. Comparing the facilities with 0%, 0% to 3%, 3% to 5%, 5% to 7%, and Ͼ7% complication rates during period 1 shows that the complication rates during period 2 were 2.4%, 2.8%, 3.5%, 3.9%, and 4.5%, respectively. Facilities grouped according to complication rates in period 1 displayed much less variation in complication rates in period 2. The complication rates in period 2 showed a statistically significant ordinal trend (Pϭ0.01), but the magnitude of this trend was modest (Spearman correlation coefficient, 0.04).
We then examined whether the above finding could plausibly be attributed to facilities with a small volume of patients. Table 2 repeats the analysis after exclusion of the 31 facilities with Ͻ20 procedures during period 1. The relationship between complication rates in periods 1 and 2 was no stronger than before (PϾ0.05; Spearman correlation, 0.02).
We then examined whether the above finding could plausibly be attributed to symptom status. Table 2 repeats the analysis after disaggregating the data according to history of cerebrovascular symptoms. In all 3 clinical symptom categories, the relationship between complication rates in periods 1 and 2 was no stronger than before (PϾ0.05; Spearman correlation, 0.02 to 0.05). Table 3 reports information about case-mix during the 2 study periods. When facilities were separated into categories based on complication rate in period 1, significant differences in case-mix characteristics were apparent; eg, facilities with high complication rates during period 1 had fewer white patients and more patients with diabetes. These differences in case-mix, however, remained similar across the 2 time periods.
Discussion
We observed a noteworthy amount of variation in complication rates. For example, although Ϸ12% of facilities reported period 1 complication rates Ͼ7%, 31 of the 94 facilities had no complications at all. Although there was some tendency for facilities with high complication rates in period 1 to report relatively high complication rates in period 2 (Spearman correlation, 0.04), most of the differences in complication rates in period 1 were not maintained over time.
Several previous studies have documented important variations in complication rates for CEA, including variation by facility characteristics such as the volume of procedures. 10 -12 Implicit in the interpretation of facility-to-facility variation is the assumption that complication rates are reasonably stable within individual facilities. Our findings call into question this assumption of stability.
This basic result has a number of possible explanations. First, noting that our analysis uses unadjusted complication rates, these differences might be due to case-mix. However, the conclusions of a case-mix-adjusted analysis will be similar as long as case-mix is not strongly predictive of 
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outcome and/or case-mix remains similar over time. A previous analysis of this data set found no statistically significant relationship between case-mix and outcome. 9 Also, the pattern of case-mix remained relatively stable across facilities. Thus, whatever effect case-mix might be having during period 1 was occurring, in roughly similar measure, in period 2. Moreover, the patterns within clinical state (asymptomatic, history of transient ischemic attack, history of stroke) were similar to those overall, providing further confidence that case-mix is an unlikely explanation. A second possible explanation is that personnel in the facilities that performed poorly during period 1 noticed this and implemented various interventions to improve the quality of care. Although such an explanation cannot be ruled out with respect to the facilities that were initially poor performers, this does not explain why the complication rates increased among those facilities with initially low rates.
A third possible explanation is that low-volume facilities are particularly unstable from a statistical perspective and are providing much of the "noise" that is being observed in the complication rates. However, a reanalysis of the data excluding those facilities with low volume, ie, Ͻ20 procedures during period 1, did not support such an explanation. Here, it should be noted that our comments are not intended as an addition to the now-considerable literature on the volumeoutcome relationship in CEA. Compared with this literature, all the facilities considered here have low to moderate volumes, and our analysis does not consider the experience of the facility with similar procedures or the experience of the surgeons in affiliated non-VA facilities. In any event, our results regarding volume and outcome for CEA performed within the VA are consistent with previous reports from the NSQIP. 9 Finally, we note that although quality improvement initiatives are often taken at the level of the facility, our assessment of group-level complication rates used as its unit of analysis not the facility but instead groups of facilities with similar Abbreviations as in Table 1 .
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complication rates. While intentionally suppressing the individual facility as a unit of aggregation, this approach does at least serve to avoid various statistical problems involved with differential precision for large and small facilities, facilities having no complications, etc, and is consistent with previous analyses of including facilities with patient volumes that are relatively low and variable. 13 However, the Spearman correlations do use the facility as their unit of analysis.
With the above in mind, we believe that the most likely explanation of the results is regression to the mean-ie, the tendency for groups observed to be extreme on a characteristic to become less extreme on remeasurement. This tendency becomes particularly pronounced when the measure in question is "noisy," ie, has a high degree of intrinsic variability. Such is the case for CEA complication rates because sample sizes for individual facilities are small and the standard error of a complication rate increases with decreasing sample size and because absolute numbers of complications are small, thus magnifying the impact of any particular patient having a complication.
In interpreting these data, it is important to take into account both the strengths and weaknesses of the NSQIP data. The primary strength, compared with a typical observational study, resides in the great attention paid to comprehensiveness and consistency in data collection. The primary weakness is that the data collection protocol was not specific to CEA. Apart from the desirability of including CEAspecific information about such factors as degree of stenosis in the standard NSQIP data set, a data collection protocol focusing on CEA would likely have included comprehensive examination of all patients by neurologists both before and after surgery. The main implication of the data collection protocol actually used is the possible overlooking of some number of strokes, most likely minor, that would have become apparent only on a comprehensive examination. This suggests that the absolute magnitude of the complication rates reported here may not be comparable with studies such as the randomized trials of CEA that included such examinations. Nevertheless, we believe these results to be internally consistent, in the sense that the same data collection procedures were applied in both time periods; thus, conclusions about the general patterns of complication rates within and across facilities should be unaffected.
As mentioned, the population-based NSQIP study is perhaps most noteworthy because the prospective nature of the data collection supports a much more comprehensive assessment of both patient factors and outcomes than is the case for a typical observational study. Within this NSQIP data set, we found that what initially appeared to be dramatic differences between facilities were most likely due, at least in large part, to artifacts induced by statistical variation. From the perspective of continuous QI, our findings are a reminder that, before attempts to intervene to improve a system are made, it is crucial that the level of common-cause variation be understood. 14 Otherwise, it is seductively easy to conclude that what is in fact common-cause variation is due to special causes such as a substandard process of care. Thus, attempts at intervention might not always be necessary, and resources can sometimes be better spent by simply continuing to observe and better understand the situation before action is taken.
Our findings primarily illustrate 2 points. First, they serve as a caution to policy makers that apparent QI problems may not always be as large as they first appear, especially those involving facilities having low to moderate patient volumes and/or procedures with relatively low complication rates. Second, they serve to illustrate a fundamental dilemma in clinical policy making regarding CEA, namely, that while the decision whether to perform a CEA depends in large part on small absolute differences between complication rates, in practice it is seldom the case that these complication rates can be estimated to the degree of precision required. For example, even though guidelines and decision analyses make a crucial distinction between rates such as 3%, 4%, 5%, 6%, etc, it is often the case that confidence intervals calculated from observed data from a facility will be consistent with each of the above rates and thus will not be sufficient to make such a differentiation. This dilemma is not limited to CEA but also applies to other procedures having low complication rates (and whose appropriateness or lack thereof depends on relatively small absolute differences in these rates).
Like many others, the perspective of quality improvement can be very helpful when users are cognizant of its limitations yet is considerably less effective when extended beyond its natural sphere of application. For CEA, the level of random variation induced by small absolute numbers of complications circumscribes this sphere of application. Recognizing these limitations, it might be noted that in this respect QI is perhaps not so different from the practice of medicine: The options are to intervene immediately or to simply watch and wait, and the challenge is to select the course of action that leads to the most good and the least harm.
